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Fluorofumarate- A Substrate for
Fumarate Hydratase

Fumarate hydratase (EC 4. 2 .1. 2) has been
studied extensively and found to act only on the
pair of substrates, L-malate in one direction and
fumarate in the other (1, 2).
TABLE I
Loss oF FuMARATE HYDRATASE AcTIVITY ON
HEATING AssAYED WITH FuMARATE
AND FLUOROFUMARATE
Substrate

Data

Fumarate

5.0

]( m ' ffiMa

Vm

, ~moles/ml/min/mg

% Activityb =

5 min
10 min
20 min

443.
66.5
41.7
21.2

Fluorofumarate

44
667
65.1
40.0
21.6

Measured in 0.033 M sodium phosphate buffer,
pH 7.3, and 25°.
b% activity remaining after enzyme was heated
at 50° for various time periods.
a

The fiuoro group is similar in size to the hydrogen atom, and this has led to the successful
development of metabolic antagonists in which
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fiuorosuccinic acid by the method of Raasch et al.
(5).
When fiuorofumarate was incubated with a
crystalline preparation of fumarate hydratase
from pig heart (Boehringer Mannheim Corp.)
under the assay conditions described by Racker
for fumarate (6), and the reaction followed in a
spectrophotometer at 300 mp., a rapid increase in
optical density was observed instead of a decrease
as with fumarate. This allowed the development
of an assay for the enzyme in the presence of
fluorofumarate as substrate. Addition of 2,4dinitrophenylhydrazine solution to the incubation
mixture gave a precipitate of a derivative, a
reaction not observed with the control samples
which contained no enzyme. Likewise, when
enzyme denatured by prolonged heating was
incubated with fiuorofumarate, no reaction occurred. When the precipitated derivative was
chromatographed on a thin layer of silica gel
(Eastman Chromagram sheet) in a solvent system
previously developed (7), the major product had
the same RF as oxaloacetate-2,4-dinitrophenylhydrazone together with a minor component with
the same RF as pyruvate-2,4-dinitrophenylhydrazone. The pyruvate apparently arose from
the spontaneous decarboxylation of oxaloacetate.
Hence, the reaction catalyzed by fumarate hydratase under these circumstances seemed to be
the following (Eq. 1):
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fluorine is substituted for hydrogen (3a, b, 4). The
study of fiuoro-analogs of citric acid cycle intermediates has shown that most of these are far less
toxic in animals than is fiuoroacetate. This led us
to examine the action of fumarate hydratase from
pig heart on fiuorofumarate, and we report here
that this compound is a substrate for the enzyme.
Fluorofumaric acid was prepared from 2, 2-di-

(Eq 1)

coo

To demonstrate that this reaction was not
catalyzed by some other enzymic activity, which
might have been present as an impurity in the
enzyme preparation used, partial heat inactivation
of the enzyme preparation was studied, and the
inactivated preparations were separately incubated in the presence of fumarate or fiuorofumarate. The results are presented in Table I.
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